(19) 



J 



Europfllsches Patentamt 
European Patent Office 
Office eurcpeen des brevets 



(12) 



(11) EP 1 136 298 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

26.09.2001 Bulletin 2001/39 

(21) Application number: 01108158.7 

(22) Date of riling: 13.03.2001 



(51) mc[7: B60K 6/04. B60L 11/12, 
F16H 61/02 
// B60K41/00 



(84) Designated Contracting States: 


(72) Inventor: Suzuki, Naoto, 


AT BE CH CY DE DK ES Fl PR GB GR IE ITLI LU 


c/oToyota Jidoaha KabuahikI Kalsha 


MC NLPTSETR 


Toyota-8hi, Alchl-ken 471-&571 (JP) 


Designated Extension States: 




AL LT LV MK RO SI 


(74) Representative: 




Leson, Thomas Johannes Alois, DIpl.-lng. 


(30) Priority: 23.03.2000 JP 2000082762 


Tledtke-BUhllng-Kinne & Partner GbR, 




TBK-Patent, 


(71) Applicant: TOYOTA JIDOSHA KABUSHIKI 


Bavariaring 4 


KAISHA 


80336 MQnchen (DE) 


Aichl-ken 471-8571 (JP) 





(54) Hybrid vehicle transmission control apparatus 



(57) A transmission control apparatus is used with 
a vehicle having an internal combustion engine (12), a 
transmission (14) connected to the engine and having 
a plurality of gear positions, and a generator (1 6) whk:h 
Is disposed between the transmission (14) and drive 
wheels (1 8a) and which is capable of generating electric 
power through regenerative braking during deceleration 
of the vehicle. The control apparatus operates to detect 



a revolution speed of the internal combustion engine, 
and to place the transmission In a highest gear position 
selected from one or more gear positions that enable 
the engine revolution speed to be maintained at a level 
not lower than a predetermined lower limit above which 
the engine can operate by itself (i.e., re-start), when the 
generator (1 6) generates electric power through regen- 
erative braking. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 1 The invention relates In general to an appara- 
tus for controlling a transmission of a vehicle such as» 
for example, an automotive vehicle, and more particu- 
larly to an apparatus for controlling a transmission hav- 
ing a plurality of gear ratios provided In a vehicle that 
also Includes an Internal combustion engine and an 
electric generator which Is disposed downstream of the 
transmission and which Is capable of effecting regener- 
ative bralcing so as to convert the energy of the braking 
into electric energy (that can be stored in a battery). The 
apparatus may assure smooth running of the Internal 
combustion engine as well as efficient conversion of the 
regenerative braking energy Into the electric energy. 

2. Description of Related Art 

[0002] A motor vehicle of the type powered by an In- 
ternal combustion engine (gasoline engine or diesel en- 
gine) Is usually equipped with a battery for power supply 
to energize various electronic components. This battery 
is charged by an electric generator (altemator) provided 
on the vehteie. In recent years, development and mar- 
keting of a hybrid vehicle (HV) equipped with a hybrid 
power train system have been In progress, In an effort 
to protect the environment and to Improve the fuel econ- 
omy of the vehicle. The hybrid power train system em- 
ploys a combination of two different types of drive power 
sources such as a combination of an internal combus- 
tton engine and an electric motor (commonly referred to 
as "motoi/generator" and abbreviated as "iVIQ"), In the 
hybrid power train system, the internal combustion en- 
gine and the electrte motor are selectively used depend- 
ing upon a specific running condition of the vehicle. The 
hybrid power train system pennits highly smooth and 
highly responsive control of the vehble drive power, 
while making a good use of different characterlsttos of 
the internal combustion engine and the electric motor, 
with their disadvantageous aspects being compensated 
for by each other. Such a hybrid vehicle is also equipped 
with a battery for operating the MG as an electric motor. 
This battery is charged with an electric energy generat- 
ed by the IVIG operated as an electric generator. More 
specifically, the electric generator Is driven by a drive 
force produced by the intemal combustion engine, or by 
a kinetic energy of the vehicle under deceleration, which 
kinetic energy Is utilized by the electric generatorfor re- 
generBtlve braking. 

[0003] The regenerath^e braking with the electric gen- 
erator (MG) takes place during deceleration of the vehi- 
cle, so as to convert the kinetic energy of the vehicle 
Into an electric energy to be stored In the battery. The 
energy conversion efficiency is maximum If the entire 



amount of the kinetic energy of the vehtele can be con- 
verted Into the electric energy. In this respect, the drive 
shaft connected to the drive wrheeis of the vehicle and 
the MG (electric generator) are connected to the engine 
5 through at least a transmission. Accordingly, the kinetic 
energy of the vehicle during deceleration is partly con- 
sumed by an action of the engine soKjalled "motoring", 
which creates a drag on the power train. The motoring 
of the engine results In an energy loss due to friction 
10 (engine friction being proportlonai to the square of the 
engine speed), so that the amount of the kinetic energy 
available for consumption by the electric generator Is 
made smaller than the entire amount of the kinetic en- 
ergy, and the amount of electric power that can be gen- 
is erated by the electric generator Is accordingly reduced. 
[0004] in order to Increase the amount of electric pow- 
er that can be generated during regenerative braking 
with the electric generator, there Is known a method In 
which a clutch disposed between the drive shaft and the 

20 engine Is released upon regenerative braking, so as to 
prevent tlie motoring of the engine, thereby avoiding an 
othenA^ise possible loss of the kinetic energy. With this 
method, the amount of the kinetic energy of the drive 
shaft that can be used by the electric generator may be 

^5 increased to improve the regenerative braking efficien- 
cy. There Is known another method in which the trans- 
mission having a plurality of gear positions (speed po- 
sitions) that provide respective different gear ratios or 
speed ratios Is automatically shifted up to the hlghest- 

30 gear position or highest-speed position (e.g., fifth-gear 
or sixth-gear position) upon regenerative braking, to 
lower the revolution speed of the engine connected to 
the transmission through the drh^e shaft, for reducing the 
engine friction and the resulting energy loss, to improve 

35 the regenerative braking efficiency. It is noted that the 
highest-gear position Is defined as the position having 
the highest ratio of the output speed of the transmission 
to the Input speed of the transmission. JP-A-8-251708 
discloses a technique relating to the latter method. Ac- 

"fo cording to this technique, the shifting action of the trans- 
mission Is controlled to select the appropriate gear ratio 
that enables the electric generator to operate In an op- 
timum condition with the highest efficiency. 
[0005] However, the method of releasing the clutch to 

45 disconnect the engine from the electric generator suf- 
fers from a speed reduction of the engine down to its 
Idling speed or stalling of the engine. Therefore, this 
method requires a rise of the engine speed and an en- 
gaging action of the clutch, upon subsequent transition 

so of the vehicle running state from the decelerating state 
Into an accelerating state. These requirements cause a 
delay of the vehicle accelerating action with respect to 
an operation of the accelerator pedal (I.e.. a poor re- 
sponse of the powertrain to an Increase in the operating 

55 amount of the accelerator pedal), and prevent smooth 
acceleratton of the vehicle, unexpectedly to the vehicle 
driver. On the other hand, the method of shifting the 
transmission up to the selected high-gear position or 
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highspeed position may cause the engine speed (rotat- 
ing speed of the drive shaft muitiplled by the gear ratio 
of the transmission) to be lowered below a certain lower 
limit while the vehicle running speed Is lowered during 
the deceleration. In this event, It is difficult to re-start (re- 5 
fire) the engine because its speed is lower than the lower 
limit. Further, the deceleration (or stopping) of the vehi- 
cle with the transmission placed in its highest-gear po- 
sition requires the transmission to be shifted down to- 
ward the lowest-gear position when the vehicle Is re- io 
quired to be accelerated again (to be re-started or 
launched). Thus, this method also suffers from a delay 
of the vehicle acceleration with respect to the accelera- 
tor pedal operation (I.e., a poor response of the power 
train to the accelerator pedal operation), preventing 
smooth acceleration of the vehicle, unexpectedly to the 
vehicle driver. 



SUMMARY OF THE INVENTION 
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[0006] It is therefore an object of the Invention to pro- 
vide an apparatus for controlling a transmission provid- 
ed In an automotive vehicle that Includes an electric gen- 
erator which is disposed downstream of the transmis- 
sion and which Is capable of effecting regenerative brak- 25 
Ing during a decelerating phase of the vehicle, which ap- 
paratus is arranged to assure smooth transition of the 
vehicle running state from the decelerating phase to an 
accelerating phase by re-starting of an internal combus- 
tion engine, as well as efficient conversion of the regen- so 
erative braking energy into electric energy. 
[0007] The above and/or other objects may be 
achieved according to one aspect of the Invention, 
whteh provides a transmission control apparatus of a ve- 
hicle that Includes an Internal combustion engine, a ss 
transmission connected to the Internal combustion en- 
gine and having aplurality of gearpositions with respec- 
tive gear ratios, and a generator disposed between the 
transmission and drive wheels, which generator is ca- 
pable of generating electric power through regenerative 40 
braking during deceleration of the vehicle. The appara- 
tus includes a detector that detects a revolution speed 
of the intemal combustion engine, and a shift controller 
that places the transmission In a highest gear position 
selected from one or more gear positions that enable 
the engine revolution speed to be maintained at a level 
that is not lower than a predetemilned lower limit above 
whteh the engine can operate by Itself (I.e., be re-start- 
ed), when the generator generates electric power 
through regenerath^e braking. so 
[0008] According to the apparatus of this aspect of the 
Invention, the transmission Is automatically shifted, up- 
on deceleration of the vehicle, to a highest gear position 
selected from one or more gearpositions which enables 
the Intemal combustion engine to maintain its speed at ss 
a level not lower than a predetermined lower limit ai>ove ' 
which the engine can operate by Itself. This arrange- 
ment not only enables the Intemal combustion engine 



to mn at a speed not towerthan the predetermined lower 
limit, but also permits the revolution speed of the Internal 
combustton engine to be kept close to the predeter- 
mined lower limit, due to the automatte up-shlft action of 
the transmission. Thus, the instant arrangement makes 
It possible to reduce the friction of the intemal combus- 
tion engine and minimize the energy loss during the re- 
generative braking, resulting In an Increase in the regen- 
erative braking efficiency. Further, since the revolution 
speed of the intemal combustion engine is kept high 
enough to enable the engine to be re-started, the tran- 
sition of the running state of the vehicle from the decel- 
erating phase to the accelerating phase (starting phase) 
can be smoothly effected with a high degree of re- 
sponse, as desired by the vehicle driver, without the con- 
ventionally required operations to control the power 
train, such as an engaging action of the clutch, an In- 
crease of the engine speed, and a down-shift action of 
the transmission. 

[0009] In one pretended aspect of the Invention, the 
shift controller determines whetherthe revolution speed 
of the engine is higherthan the predetemilned lower lim- 
it, and shifts down the transmission by one gear position 
when the revolution speed of the engine Is not higher 
than the predetermined tower limit. 
[0010] In another preferred aspect of the invention, 
the vehicle further Includes a clutch disposed between 
the transmission and the engine, and the shift controller 
operates to release the clutch so as to disconnect the 
Intemal combustion engine and the transmission from 
each other, when the selected highest gear position is 
the lowest one of the plurality of gear positions of the 
transmission. 

[0011] In the above aspect of the Invention, the dis- 
connection of the Internal combustion engine from the 
transmission el&nlnates the friction of the Internal com- 
bustion engine, and reduces the energy loss, permitting 
efftelent regenerath^e braking with a kinetic energy 
transferred from the vehicle drive wheels. In addition, 
the transmission Is shifted down to Its lowest gear posi- 
tion before the intemal combustion engine Is connected 
again to the transmission, so that the vehtole can be 
snrvoothly accelerated (or started), without the conven- 
tionally effected down-shift action of the transmission 
from the highest-gear position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention will be described In conjunction 
with the following drawings in which like reference nu- 
merals designate tike elements and wherein: 

Fig. 1 Is a block diagram of a hybrid vehicle (HV) 
Including a transmission control apparatus accord- 
ing to one embodiment of this invention; 
Fig. 2 is a view useful for explaining an amount of 
energy that can be used for regenerative braking 
during deceleration of the vehicle. In reiatton to 
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wasted or dissipated amounts of energy; 
Fig. 3 fs a flowchart Illustrating a control routine ex- 
ecuted by the transmission control apparatus ac- 
cording to the embodiment of the Invention; and 
Fig. 4 Is a time chart Indicating changes In the speed 
of an engine and shifting actions of a transmission 
when the transmission is controlled by the transmis- 
sion control apparatus. 

DETAILED DESCRIPTION OF PREFERRED 

EMBODIIVIENTS 

[0013] A preferred embod»nent of this invention will 
be described with reference to the accompanying draw- 
ings. 

[001 4J Reference Is first made to the schematic view 
of Fig. 1 . which shows an arrangement of a hybrid power 
train vehtele (HV) 10, which Is one fomn of a vehicle of 
the type in which an electric generator is disposed down- 
stream of a transmission having a plurality of gear po- 
sitions that provide respective different gear ratios. 
[001 5] The hybrid power train vehicle 1 0 (hereinafter 
referred to as "hybrid vehicle 10" or simply as "vehicle 
10") Includes an Internal combustion engine 12 (herein- 
after referred to simply as "engine 12"). which may be 
a gasoline engine or a diesel engine. To the engine 12, 
there Is connected through a dutch (automatic clutch) 
14a, a transmission 14 having a plurality of gear posi- 
tions or speed positions providing respective different 
gear ratios (speed ratios). The transmission 14 can be 
disconnected from the engine 1 2 by releasing the clutch 
14a. To the output side of the transmission 14 Is con- 
nected a motor/generator (MG) 16, which in turn Is con- 
netted to a battery 20. The battery 20 is provided to 
store electric energy generated by the MG 1 6 when the 
MG 1 6 Is operated as an electric generator, and to sup- 
ply the MG 16 with an electric energy when the MG 16 
is operated as an electric motor. The engine 12, trans- 
mission 14, 16 and battery 20 are connected to a 
control unit 22, which funaions to monitor the operating 
states of those devices and control them In relation to 
each other. 

[0016] When the hybrid vehicle 1 0 is nonnally driven, 
the control unit 22 detemnines a required output of the 
engine 12. on the basis of the operating amount of the 
accelerator pedal and the mnning speed of the vehicle, 
such that the determined output of the engine 12 ena- 
bles the vehicle to be run in a running state as desired 
by the driver or operator of the vehicle. The control unit 
22 further selects one of the gear-positions of the trans- 
mission 14, and detennlnesthe revolution speed of the 
engine 12 and the amount of fuel to be injected into the 
engine 12. The hybrid vehicle 10 has a plurality of run- 
ning or driving modes, and the control unit 22 has a plu- 
rality of control modes corresponding to the driving 
modes of the vehicle 10. The driving modes Include: an 
ENGINE DRIVE mode In which the vehicle 1 0 is driven 
with only a drh^e force produced by the engine 12 and 



transmitted through the transmission 1 4 to drive wheels 
lea; an ENGINE & MOTOR DRIVE mode which Is se- 
lected when the driver's desired vehicle drive force Is 
larger than the drive force produced by the engine 12, 
5 and In which the vehicle 1 0 Is driven with not only the 
drive force produced by the engine 12, but also a drive 
force produced by the MG 16 operated as the electric 
motor with the electric energy supplied from the battery 
20, so that the vehicle 10 is driven with a sum of the 
^0 drive force of the engine 1 2 and the backup drive force 
of the electric generator 1 6; and a MOTOR DRIVE mode 
in which the vehicle 10 Is driven with only the drive force 
produced by the MG 1 6 operated as the electric motor 
with the electric energy supplied from the battery 20. 
t5 [0017] When the amount of electric energy (SOC: 
state of charge) presently stored In the battery 20 Is 
smaller than a predetemilned lower limit, the battery 20 
is charged by the MG 16 operated as the electric gen- 
erator with either a drive force received from the engine 

20 12 or a kinetic energy of the running (moving) vehicle 
1 0. In the fomrier case, the control unit 22 Increases the 
output of the engine 1 2 and operates the MG 1 6 as the 
electric generator, so that a drive force required to drive 
the vehtele 10 is transmitted from the engine 12 to the 

25 drive wheels 1 8a through a drive shaft 1 8, while the rest 
of the output of the engine 1 2 Is used to operate the MG 
1 6 as the electric generator for charging the battery 20. 
The battery 20 Is charged until the electric energy 
amount SOC stored In the battery 20 Is Increased to a 

30 predetemilned amount. In the latter case, the kinetic en- 
ergy of the vehicle 1 0 under deceleration is transmitted 
to the MG 1 6 so that regenerative braking Is effected so 
as to convert the kinetic energy Into an electric energy 
used to charge the battery 20. In this respect, It is noted 

55 that when the electric energy amount SOC In the battery 
20 Is larger than a predetemilned upper limit, the control 
unit 22 reduces the drive fonce of the engine 1 2 to a val- 
ue smaller than the required vehicle drh^e force, and op- 
erates the MG 1 6 as the electric motor to produce a drive 

"^0 force, so that a sum of the drive force of the engine 1 2 
and the drive force of the MG 16 Is transmitted to the 
drive wheels 18a through the transmission 14 and the 
drive shaft 1 8. In this case, the amount of fuel consump- 
tion by the engine 12 is reduced, resulting in Improved 

45 fuel economy, and the electrte energy amount SOC of 
the excessively charged battery 20 Is reduced down to 
a suitable value, to increase the amount of electric en- 
ergy that can be stored In the battery 20 when the re- 
generative braking is subsequently effected by the MG 

so 16. Thus, the control unit 22 controls the engine 12 and 

- the MG 16, for efficient utilization of the electric energy 
stored In the battery 20, for driving the hybrid vehtele 1 0. 
[0018] In the graph of Fig. 2, "WO" represents the en- 
tire amount of kinetic energy of the hybrid vehicle 10 

S5 under deceleratton, minus the amount of loss of the ki- 
netic energy due to an aerodynamic drag and a rolling 
reslstiEuice. Actually, however, a portion of the amount 
of energy WO Is dissipated or wasted by an amount cor- 
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responding to a sum of (1 ) an energy loss L1 due to heat 
generation by wheel brakes operated for deceleration 
of the vehicle 1 0, (2) an energy loss L2 of the MG 16 
(electric generator) per se. and (3) an energy loss L3 
due to "motoring" of the engine 12. The engine 12 Is 5 
"motored" because a rotary motion of the drive shaft 18 
connected to the MG 16 is transmitted to not only the 
MG 1 6 but also to the engine 1 2, which Is connected to 
the driveshaft Idthrough the transmission 14, as shown 
In Fig. 1. The graph of Fig. 2 Indicates an example of io 
the percent values of the Individual energy losses LI. 
L2, L3, with respect to the energy amount WO (100%). 
Thus, the amount of kinetic energy that can be actually 
converted by the MG 16 Into an electric energy during 
deceleration of the vehtele 10 Is equal to "W". which Is is 
equal to WO - (LI + L2 + L3). This amount of kinetic en- 
ergy will be ref en*ed to as "regenerative braking energ/*. 
[0019] When the clutch 14a Is released during regen- 
erative braking with the MG 1 6. the energy loss L3 due 
to the motoring of the engine 1 2 Is avoided, so that the 20 
amount of regenerative braking energy W can be In- 
creased. On the other hand, however, the releasing of 
theclutch 14a causes the revolution speed of the engine 
12 to be lowered down to the Idling speed, or stalling of 
the engine 12. as described above, tn this case, there- 25 
fore, It Is required to raise the speed of the engine 12 to 
a predetemilned level and then engage the clutch 14a 
upon the start of subsequent acceleration of the vehicle 
1 0, Thus, the releasing action of the clutch 1 4a does not 
permit smooth acceleration of the vehicle 1 0 as desired so 
by the vehicle driver. 

[0020] The revolution speed ("motoring speed") of the 
engine 12 can be lowered by shifting up the transmis- 
sion 14 to Its highest-gear position, rather than by re- 
leasing the clutch 1 4a, so that the energy loss L3 due ss 
to the friction of the engine 12 Is reduced, that is, the 
regenerative braking energy W Increased. During re- 
duction of the running speed of the vehicle 10 under de- 
celeration, however, the speed of the engine 12 (speed 
of the drive shaft 1 8 x gear ratio of the highest-gear po- 4o 
sition) may be lowered below a lower limit below whteh 
the engine 12 cannot be started. In this case. It would 
be difficult to re-start or re-fire the engine 12. The up- 
shift action of the transmission 14 to the highest-gear 
position during deceleration of the vehtele 1 0 has a fur- ^5 
ther drawback that the transmlsston 14 which remains 
In the higliest-gear position at the end of the decelera- 
tton of the vehicle 1 0 (or even after the stopping of the 
vehicle 1 0) is required to be shifted down when the ve- 
hicle 1 0 is required to be re-accelerated or re-started, so 
This means a delayed acceleration of the vehicle 10 In 
response to the acceleration pedal operation (I.e., a 
poor response of the power train to an Increase In the 
operating amount of the accelerator pedal), preventing 
smooth acceleration of the vehicle, unexpectedly to the ss 
vehicle driver. 

[0021 ] In view of the above drawbacks, the transmis- 
sion control apparatus Is arranged according to the prin- 



ciple of this invention, so as to Improve the regenerative 
braking efficiency by towering the revolution speed (mo- 
toring speed) of the engine 12 as much as possible to 
thereby minimize the amount of energy loss at the en- 
gine 12, while at the same time enabling the engine 12 
to be smoothly accelerated (re-started) without a releas- 
ing action of the clutch 14a for disconnection of the en- 
gine 12 from the MG 16. 

[0022] To achieve the objective Indicated above, the 
embodiment Is adapted to automatlcally shift up the 
transmission 1 4, upon deceleration of the vehicle 1 0, to 
a highest-gear position selected from at least one gear- 
position thereof which enables the engine 1 2 to maintain 
Its speed at a level not lower than (I.e., at or above) a 
predetermined lower limit above which the engine 12 
can operate by Itself (I.e., above which the engine can 
re-start). This arrangement to shift the transmission 14 
to the selected gear-position the gear ratio of whteh is 
as high as possible not only enables the engine 12 to 
run at a speed equal to or higher than the predetermined 
lower limit (e.g. , 1 000 rp.m.), but also pennits the speed 
of the engine 12 to be kept close to the lower limit (e.g., 
1000 r.p.m.), owing to the automatic up-shift action of 
the transmission 14. Thus, the Instant an-angement 
makes it possible to lower the speed of the engine 12, 
and reduce the friction of the engine 12, which is pro- 
portional to a square of the speed of the engine 12. In 
other words, the present arrangement makes It possible 
to reduce the friction of the engine 12 due to Its "motor- 
ing" and minimize the energy loss during the regenera- 
tive braking, resulting in an Increase In the regenerative 
braking efficiency. Additionally, when the engine 12 is 
required to be re-started (re-accelerated), the revolution 
speed of the engine 12 Is high enough to enable the en- 
gine 12 to operate by Itself, so that the engine 12 can 
be smoothly re-started or re-accelerated. 
[0023] Refemng to the flowchart of Rg. 3, the control 
routine executed by the control unit 22 (Fig. 1 ) to control 
the transmission 14 will be described. 
[0024] The control routine Is Initiated with step SI 00 
to detennlne whether deceleration of the vehicle 10 Is 
Initiated, namely, whether the MG 1 6 can be operated 
as an electric generator for regenerative braking, using 
a kinetic energy of the vehicle 10 under deceleration. 
This determination in step SI 00 is made on the basis of 
an output signal of a speed sensor 1 8b provided to de- 
tect the rotating speed of the drive shaft 18. If an afflmi- 
atlve decision (YES) Is obtained In step SI 00, the con- 
trol flow goes to step S101 In which the control unit 22 
commands the transmission 14 to be shifted up to its 
highest-gear posftlon (for Instance, fifth-gear position). 
Of all the gear-positions of the transmission 1 4, the high- 
est-gear position has the highest ratio of the output 
speed to the Input speed of the transmission 14. This 
shifting action of the transmission 1 4 to its highest-gear 
position causes a reduction in the revolution speed of 
the engine 12 (which Is not presently required to pro- 
duce an output with the accelerator pedal held at Its non- 
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operated position), resulting In a decrease of the frictfon 
of the engine 12, and a decrease of the energy loss L3 
due to the "motoring" of the engine 12, so that the 
annount of regenerative braking energy W that can be 
converted by the MG 16 Into an electric energy is ac- s 
cordlngly Increased. 

[0025] The control flow then goes to step S 1 02 to de- 
termine whether the cun-ent speed of the engine 12 Is 
higherthan a predetemilned lower limit above which the 
engine 12 can be started (can operate by itself). The io 
speed of the engine 1 2 Is equal to a product of a rotating 
speed Np of the drive shaft 1 8 as detected by the speed 
sensor 1 8b, and the gear ratio of the currently selected 
gear-position of the transmission 1 4. However, as an ai- 
tematlve, the speed of the engine 1 2 as directly detected i5 
by an engine speed sensor may be compared with the 
predetermined lower limit. The lower limit used in step 
S102 Is the highest speed above which the engine 12 
can be smoothly fired and can operate by itself. If an 
afflmiatlve decision (YES) Is obtained in step SI 02, the zo 
control flow goes to step SI 03 to detennlne whether the 
vehicle 10 continues its deceleration with Its transmis- 
sion 1 4 Icept In the same gear-position . If an aff Imnatlve 
decision (YES) Is obtained In step SI 03, the control flow 
goes bacic to step SI 02 to repeat the determination as 2S 
to whether the speed Np mufUpiled by the gear ratio of 
the currently selected gear-position of the transmission 
14 is higher than the predetermined lower limit. If the 
deceleration of the vehicle 10 Is temilnated, a negath/e 
decision (NO) is obtained In step SI 03, and the control 30 
flow goes to step SI 04 In which the transmission 14 Is 
controlled In the nomial mode, that is, one of the gear- 
positions of the transmission 14 Is selected on the basis 
of the vehicle drive force as desired by the vehicle driver 
(as expressed by the detected operating amount of the ss 
accelerator pedal), and the running condition of the ve- 
hicle as expressed by the detected running spaed of the 
vehicle 10, the detected speed of the engine 12, etc. 
Then, the control flow returns to step SI 00 to detennlne 
whether the vehicle 1 0 Is decelerated again. 40 
[0026] if in step SI 02 the speed Np multiplied by the 
gear-ratio Is not higher than the predetennined lower 
limit, it means that it would be difficult to re^art or re- 
tire the engine 12 due to its speed being excessively 
lowered during deceleration of the vehicle 10 with the 45 
transmission 14 placed In the highest-gear position. In 
this case, a negative decision (NO) Is obtained In step 
SI 02. and the control flow goes to step SI 06 In which 
the control unit 22 commands the transmlssfon 1 4 to be 
shifted down by one position, that is. to the next lower- so 
gear position, for Increasing the speed of the engine 1 2 
to a level higher than the predetemfiined lower limit. Step 
SI 06 Is followed by step SI 06 to detemnlne whether the 
transmission 1 4 is placed In the first-gear position (first- 
speed position) having the lowest gear ratio. If a nega- S5 
live decision (NO) is obtained in step SI 06. the control 
flow goes to the step SI 03. If It Is detemnlned In step 
SI 06 that the transmission 1 4 Is placed In the first-gear 



position, It means that the speed of the engine 1 2 cannot 
be further raised by further shifting down the transmis- 
sion 14. in this case, the control flow goes to step SI 07 
to release the clutch 1 4a, thereby disconnecting the en- 
gine 12 and the transmission 14 from each other, to 
thereby stop the engine 12, so thai the regenerath^e 
braking with the MG 16 can be continued with high effi- 
ciency. When the clutch 14a is engaged to reconnect 
the engine 12 and the transmission 14, the transmission 
14 Is placed in (I.e., It has already been placed In) the 
lowest-gear position (fist-speed position), so that the ve- 
hble 1 0 can be smoothly accelerated or started upon a 
subsequent operation of the accelerator pedal by the ve- 
hicle driver, without the conventionally required down- 
shift action of the transmission 14 from Its highest-gear 
position. 

[0027] The time chart of Fig. 4 shows changes In the 
speed of the engine 1 2 and shifting actions of the trans- 
mission 14 when the control routine illustrated in the 
flowchart of Fig. 3 is executed, in the time chart, "A" rep- 
resents a point at which the deceleration of the vehicle 
10 is initiated, and at which the transmission 14 Is com- 
manded to be shifted up to the highest-gear position, 
but Is placed In the third-gear position since the mnning 
speed of the vehicle 10 is not so high. Described in de- 
tail, the highest-gear position to which the transmission 
14 Is allowed to be shifted up during deceleration of the 
vehicle 1 0 Is limited by the vehicle running speed, name- 
ly, Is detemiined on the basis of the vehicle running 
speed and according to a predetermined relationship 
between the vehicle running speed and the highest-gear 
position that can be selected. This relationship Is repre- 
sented by a data map stored in the control unit 22. When 
the vehicle running speed is sufficiently high, the trans- 
mission 14 is shifted up to the fifth-gear position. Sub- 
sequently, step SI 02 and the following steps are Imple- 
mented, so that the transmission 14 is shifted down so 
as to maintain the engine speed at a level higher than 
the predetemiined lower limit (for example, 1000 r.p.m.). 
In the specific example of Fig. 4, the transmission 14 Is 
eventually shifted down to the first-gear position, and 
the vehicle 10 Is brought to a stop. Namely, the trans- 
mission 14 has been placed in the first-gear position 
when the vehicle 1 0 is re-started, so that the vehicle 10 
can be smoothly started with an Increase of the speed 
of the engine 12, without a down-«hift action of the trans- 
mission 14 from the higher-gear position. 
[0028] As described above, when the vehicle 1 0 Is de- 
celerated, the transmission 1 4 is shifted up to a highest- 
gear position selected from at least one-gear position 
that enables the engine speed to be maintained at a lev- 
el not lower than the predetemiined lower limit above 
which the engine 12 can operate by Itseif, so that the 
speed of the engine 12 is lowered as much as possible, 
to reduce the friction of the engine and reduce the 
amount of reduction of the kinetic energy of the drive 
shaft 1 6 that can be used by the MG 1 6 for regenerative 
braking.. Accordingty, the regenerative braking with the 
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MG 1 6 can be effected to convert the kinetic energy Into 
the electric energy with a high degree of efficiency. 
Since the speed of the engine 12 is kept at a level not 
lower than the above-fndlcated tower limit, the engine 
12 can be smoothly re-started, 5 
[0029] While one example of the control routine for 
controlling the transmission 14 during deceleration of 
the vehicle 1 0 has been described, the transmission 1 4 
may be controlled otherwise, provided that the transmis- 
sion is shifted, upon deceleration of the vehicle 10, to a 10 
highest-gear position selected from at least one gear- 
position which enables the engine 12 to maintain its 
speed at a level higher than the predetemiined lower 
limit above which the engine '12 can operate by Itself. 
Although the transmission control apparatus according 
to the illustrated embodiment Is arranged for use with 
the hybrid vehicle 10, the principle of the Invention Is 
equally applicable to any vehteie having an Internal com- 
bustion engine and an electric generator capable of gen- 
erating power through regenerative braking. 20 
[0030] It will be understood that the Invention provides 
an apparatus for controlling a transmission provided in 
a vehicle Including an electric generator which Is dis- 
posed downstream of the transmission and which is ca- 
pable of effecting regenerative braking during deceler- 
ation of the vehicle, whk^h apparatus is arranged to as- 
sure smooth ns-starting of an Intemal combustion en- 
gine, as well as efficient conversion of the regenerative 
braking energy Into an electric energy 
[0031] In the illustrated embodiment, the controller so 
(control unit 22) is Implemented as a programmed gen- 
eral purpose computer. It will be appreciated by those 
sWIied in the art that the controller can be Implemented 
using a single special purpose Integrated circuit (e.g., 
ASIC) having a main or central processor section for ss 
overall, system-level control, and separate sections 
dedicated to performing various different specific com- 
putations, functions and other processes under control 
of the central processor section. The controller can be 
a plurality of separate dedicated or programmable Inte- 
grated or other electronic circuits or devices (e.g., hard- 
wired electronic or logic circuits such as discrete ele- 
ment circuits, or programmable logb devices such as 
PLDs, PLAs, PALs or the like). The controller can be 
Implemented using a suitably programmed general pur- 45 
pose computer, e.g., a microprocessor, microcontroller 
or other processor devtee (CPU or MPU), either alone 
or In conjunction with one or more peripheral (e.g., Inte- 
grated circuit) data and signal processing devices. In 
general, any device or assembly of devtees on whk^h a so 
finite state machine capable of Implementing the proce- 
dures described herein can be used as the controller A 
distributed processing architecture can be used for max- 
imum data/signal processing capability and speed. 
[0032] While the invention has been described with 55 
reference to preferred embodiments thereof, It Is to be 
understood that the invention is not limited to the pre- 
ferred emldodiments or constructions. To the contrary. 



the invention Is Intended to cover various modlficattons 
and equivalent arrangements. In addition, while the var- 
ious elements of the preferred embodiments are shown 
In various combinations and configurations, which are 
exemplary, other combinations and configurations, In- 
cluding more, less or only a single element, are also 
within the scope of the inventton. 
[0033] A transmission control apparatus Is used v/lth 
a vehicle having an internal combustion engine (12), a 
transmission (14) connected to the engine and having 
a plurality of gear positions, and a generator (1 6) which 
Is disposed between the transmission (14) and drive 
wheels (ISa) and whteh Is capable of generating electric 
power through regenerative braking during deceleration 
of the vehicle. The control apparatus operates to detect 
a revolution speed of the internal combustion engine, 
and to place the transmission In a highest gear position 
selected from one or more gear positions that enable 
the engine revolution speed to be maintained at a level 
not lower than a predetermined lower limit above which 
the engine can operate by Itself (I.e., re-start), when the 
generator (1 6) generates electric power through regen- 
erative braking. 



Claims 

1 . A transmission control apparatus of a vehtele that 
Includes an internal combustion engine (12). a 
transmission (14) connected to the Intemal com- 
bustion engine (12) and having a plurality of gear 
positions with respective gear ratios, and a gener- 
ator (16) disposed between the transmission (14) 
and drive wheels (18a), the generator being capa- 
ble of generating electric power through regenera- 
th^e braking during deceleration of the vehicle, the 
transmission control apparatus comprising: 

a detector that detects a revolution speed of the 
internal combustion engine; and 
a shift controller (22) that places the transmis- 
sion in a highest gear posttton selected from 
one or more gear positions that enable the en- 
gine revolution speed to be maintained at a lev- 
el not lower than a predetemiined lower limit 
above whteh the engine can be re-started, 
when the generator generates electric power 
through regenerative braking. 

2. A transmission control apparatus according to claim 
1, wherein the shift controller (22) determines 
whether the revolution speed of the engine (12) Is 
higher than the predetermined lower limit, and shifts 
down the transmission by one gear posltton when 
the revolution speed of the engine is not htgherthan 
the predetemiined lower limit. 

3. A transmission control apparatus according to claim 



7 



13 



EP 1 136 298 A2 



1 or claim 2, wherein the vehicle further Includes a 
clutch (14a) disposed between the transmission 
and the engine, and wherein the shift controller (22) 
operates to release the clutch (14a) so as to discon- 
nect the Internal combustion engine (12) and the 
transmission (14) from each other, when the select- 
ed highest gear position Is the lowest one of said 
plurality of gear positions of the transmission. 

4. A transmission control apparatus according to claim 
1 orclalm 2. wherein the vehicle further Includes a 
clutch (14a) disposed between the transmission 
(14) and the engine (12), and wherein the shift con- 
troiler (22) operates to release the clutch (14a) so 
as to disconnect the Internal combustion engine 
(12) and the transmission (14) from each other, 
when there are no gear positions that enable the 
engine revolution speed to be maintained at a level 
not lower than the predetennlned lower limit. 

5. A method of controlling a transmission of a vehicle 
that Includes an Internal combustion engine (12), a 
transmission (14) connected to the Interna! com- 
bustion engine and having a plurality of gear posi- 
tions with respective gear ratios, and a generator 
(16) disposed between the transmission (14) and 
drive wheels (1 8a). the generator being capable of 
generating electric power through regenerative 
braking during deceleration of the vehicle, the meth- 
od comprising: 

detecting a revolution speed of the internal 
combustion engine (12); and 
placing the transmission (14) In a highest gear 
position selected from one or more gear posi- 
tions that enable the engine revolution speed 
to be maintained at a level not lower than a pre- 
determined lower limit above which the engine 
can be re-started, when the generator (1 6) gen- 
erates electric power through regenerative 
braking. 

6. A method according to claim 5. wherein said step 
of placing the transmission (14) in a highest gear 
position comprises sub-steps of detemilning wheth- 
er the revolution speed of the engine is higher than 
the predetennlned lower limit, and shifting down the 
transmission by one gear position when the revolu- 
tion speed of the engine is not h^her than the pre- 
determined lower limit. 

7- A method according to claim 5 or claim 6, wherein 
the vehicle further Includes a clutch (14a) disposed 
between the transmission (1 4) and the engine (1 2), 
and further comprising: 

disconnecting the Intemal combustion engine 
(12) and the transmission (14) from each other by 
releasing the clutch (14a) when the selected high- 
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est gear position Is the lowest one of said plurality 
of gear positions of the transmission. 

8. A method according to claim 5 or claim 6, wherein 
5 the vehicle further Includes a clutch (1 4a) disposed 
between the transmission (14) and the engine (12), 
and further comprising: 

disconnecting the Internal combustion engine 
(12) and the transmission (14) from each other by 
^0 releasing the clutch {14a) when there are no gear 
positions that enable the engine revolution speed 
to be maintained at a level not lower than the pre- 
determined lower limit. 

^5 9. In a hybrid vehicle that Includes an Intemal combus- 
tion engine (12), a detector that detects a revolution 
speed of the Intemal combustion engine, a trans- 
mission (14) connected to the Internal combustion 
engine and having a plurality of gear positions with 
respective gear ratios, and a generator (16) dis- 
posed between the transmission (14) and drive 
wheels (18a), the generator being capable of gen- 
erating electric power through regenerative braking 
during deceleration of the vehicle, a transmission 
control apparatus comprising: 

a shift controller (22) that: (I) detemilnes a 
highest gear position, selected from one or more 
gear positions of the transmission, that enable the 
engine revolution speed to be maintained at a level 
not lower than a predetermined tower limit, and (11) 
places the transmission in the detemiined highest 
gear position when the generator (16) generates 
electric power through regenerative braking. 

1 0. in a hybrid vehtele according to claim 9, wherein the 
shift controller (22) detemilnes whether the revolu- 
tion speed of the engine is higher than the prede- 
tennlned lower limit, and shifts down the transmis- 
sion (14) by one gear position when the revolution 
speed of the engine (12) Is not higher than the pre- 
determined lower limit. 

11 . In a hybrid vehicle according to claim 9 orclalm 10, 
wherein the vehicle further includes a clutch (14a) 
disposed between the transmission (1 4) and the en- 
gine (12), and wherein the shift controller (22) op- 
erates to release the dutch so as to disconnect the 
Intemal combustion engine and the transmission 
from each other, when the determined highest gear 
position is the lowest one of said plurality of gear 
positions of the transmission. 

12. in a hybrid vehlcle according to claim 9 orclalm 10, 
wherein the vehlcle further Includes a clutch (14a) 
disposed between the transmission (1 4) and the en- 
gine (12), and wherein the shift controller (22) op- 
erates to release the clutch so as to disconnect the 
Intemal combustion engine and the transmission 
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from each other, when there are no gear positions 
that enable the engine revolution speed to be main- 
tained at a level not lower than the predetermined 
lower limit. 
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